We present the first set of dissolved silicon isotope data in seawater (d 30
shelf and slope. In winter (December 2009 -January 2010 , however, the d 30 Si Si(OH)4 was nearly constant at 11.9& throughout the water column on the East China Sea shelf beyond the nearshore, which was a consequence of enhanced vertical mixing of the Kuroshio subsurface water. Horizontal admixture of Kuroshio surface water, which is highly fractionated in Si isotopes, was observed only beyond the shelf break. Significant seasonal differences in d
30
Si Si(OH)4 were detected in the surface waters beyond the Changjiang Diluted Waterinfluenced region on the East China Sea shelf, where the winter values were 1.0& lower than those in summer, despite the same primary Si(OH) 4 supply from the Kuroshio subsurface water during both seasons. This demonstrates significantly higher biological consumption and utilization of Si(OH) 4 in summer than in winter.
The stable silicon isotopic composition of dissolved silicic acid (d 30 Si Si(OH)4 ) is a sensitive tracer of the biogeochemical cycling of Si in both the open ocean (e.g., Reynolds et al. 2006; de Souza et al. 2012; Grasse et al. 2013 ) and marginal seas (Cao et al. 2012; Ehlert et al. 2012) . The main processes controlling seawater d 30 Si Si(OH)4 signatures are Si(OH) 4 utilization by diatoms, biogenic silica (BSi) dissolution, and water mass mixing. While previous studies revealed that diatoms preferentially incorporate lighter Si isotopes from surrounding seawater with a relatively constant fractionation factor ( 30 e upt ) of 21.1& (De La Rocha et al. 1997; Fripiat et al. 2011 , and references therein), new culture experiments showed that the 30 e upt of polar/subpolar diatom species varies within a relatively large range of 20.5 to 22.1& (Sutton et al. 2013 ). On the other hand, based on experiments Demarest et al. (2009) suggested that the lighter Si isotopes are preferentially released into seawater during BSi dissolution with a fractionation factor ( 30 e diss ) of 20.55&, whereas near zero values of 30 e diss were observed in laboratory dissolution experiments using, respectively, an estuarine diatom species (20.12&; Sun et al. 2014 ) and diatom opal extracted from sediments (10.14&; Wetzel et al. 2014) . Although no fractionation occurs during water mass mixing, this physical process primarily determines the initial Si(OH) 4 concentration and its isotopic composition for diatom growth, which are not spatially and/or temporally homogenous in a given oceanic system (Cardinal et al. 2005; Fripiat et al. 2011) , in particular in marginal seas with highly dynamic hydrographic conditions (Cao et al. 2012) .
The East China Sea is the largest temperate marginal sea of the western North Pacific, with an area of 0.7 3 10 6 km 2 and an average depth of 300 m (Wong et al. 2000) . It is characterized by a broad shelf significantly fed by the world's fourth largest river, the Changjiang (Yangtze River), and a direct link with the western North Pacific through the western boundary current, the Kuroshio Current. Rich supplies of nutrients from the upwelling of Kuroshio subsurface water (Chen 1996) as well as the Changjiang discharge (Li et al. 2007 ) stimulate high primary production (PP) on the East China Sea shelf resulting in one of the most productive areas of the world's oceans (Liu et al. 2010) . Moreover, the East China Sea is characterized by a distinct seasonal pattern of warm summers (22.0-28.08C) and colder winters (9.0-21.08C) (Han et al. 2013) . PP in winter is approximately one order of magnitude lower than the 200-1000 mg C m 22 d 21 reached in summer, primarily due to poor growth conditions such as reduced light availability (Gong et al. 2003; Chiang et al. 2004; Liu et al. 2010) . As a result of the overall eutrophic condition on the East China Sea shelf, the phytoplankton abundance is frequently dominated by diatoms, which, however, show large spatial and seasonal variations (Furuya et al. 1996; Chiang et al. 1999; Furuya et al. 2003; Chiang et al. 2004; Guo et al. 2014) . In later spring/summer, the highest abundances of diatoms (exceeding 10 5 cells L
21
) are observed on the inner shelf associated with the Changjiang plume, whereas the abundance decreases rapidly toward the mid-shelf and the shelf edge to levels of <10 4 cells L 21 (Chiang et al. 1999; Furuya et al. 2003) . In contrast, the absolute abundance of diatoms in winter is significantly lower within a range of 10 3 to 10 4 cells L
. While the lowest winter diatom abundances (below 10 3 cells L
) are observed along the Chinese coastline in the southern East China Sea, elevated amounts of diatoms with abundances >10 4 cells L 21 are occasionally distributed along the surface of the East China Sea shelf break (Chiang et al. 2004 ). Moreover, human activities including dam construction and coastal eutrophication are exerting high influence on the East China Sea river-coast ecosystem. It has been documented that the building of the Three Gorges Dam has resulted in a significant decrease of the Si(OH) 4 loading to the East China Sea (Gong et al. 2006) , while the increased application of fertilizers has increased riverine inputs of dissolved nitrogen (N) and phosphorus (Li et al. 2007) . As a consequence, a sharp drop in Si(OH) 4 to nitrate (NO 3 ) ratio (Gong et al. 2006 ) now limits diatom growth in riverinfluenced regions of the East China Sea, where the phytoplankton species shift from siliceous algae to nonsiliceous algae has induced frequent harmful algal blooms in nearshore waters (Li et al. 2007) .
In this context, diatoms play variable roles in different areas and seasons of the East China Sea associated with complex physicobiogeochemical conditions and even anthropogenic pressure. With the goal to identify the different Si(OH) 4 sources for diatom growth and to examine Si(OH) 4 utilization and/or regeneration during BSi production/dissolution, we analyzed the horizontal and vertical distribution of dissolved Si isotopic composition of seawater in summer and winter 2009. Our data demonstrate highly variable Si(OH) 4 supply to different areas of the East China Sea and significant biological fractionation of Si isotopes in summer compared with minor Si(OH) 4 utilization in winter. In addi- 
Materials and methods

Study area
The East China Sea extends from Cheju Island in the north to the northern coast of Taiwan in the south, and is bounded by the Okinawa Trough in the east and the coast of China in the west. Nearly 70% of the sea lies on the continental shelf with the shelf break located at about 170 m ( Fig.  1 ; Wong et al. 2000) . Shelf circulation in the East China Sea is driven by the East Asian Monsoon with the strong northeast monsoon prevailing from September to April and the relatively weak southwest monsoon from May to August . The Kuroshio Current flows northeastward along the East China Sea continental slope, while the Kuroshio Branch Current separates from the main Kuroshio Current path and flows onto the shelf in a westward direction. The Kuroshio Branch Current west of Kyushu forms the origin of the Tsushima Strait Warm Current flowing into the Japan Sea and the Yellow Sea Warm Current flowing into the Yellow Sea ( Fig. 1 Si Si(OH)4 samples were subsequently acidified to pH2 with distilled concentrated HCl (0.1% v/v) and stored at room temperature in the dark, while Si(OH) 4 concentrations were analyzed onboard immediately. At stations PN08 and PN04, suspended particle samples for BSi analyses were obtained on both cruises by filtering 2 L of seawater through 0.4 mm polycarbonate membranes. The membranes were dried at 508C overnight and stored in polycarbonate dishes for analysis in the home laboratory.
The dissolved Si(OH) 4 in the seawater samples for isotope analyses was separated from the major matrix elements using a two-step brucite-coprecipitation technique adapted from the MAGIC method (Karl and Tien 1992) . Samples with Si(OH) 4 concentrations lower than 10 mmol L 21 were preconcentrated through repeated precipitation applying the same two-step technique Grasse et al. 2013) . After removing the supernatant of 40 mL of each seawater sample, the first brucite precipitates were redissolved in small amounts of 6 M HCl and an extra 10 mL of the sample was added. The precipitation procedure was repeated by twice adding 1% v/v of 1 M NaOH. Through repeated precipitation, the low Si(OH) 4 content in the surface water samples was preconcentrated by at least a factor of 30 to a concentration of 65 mmol L
21
, while the magnesium content in the final solutions for column chemistry was at the same time significantly reduced. For deep waters with high Si(OH) 4 concentrations above 10 mmol L 21 , only 5 mL of seawater and one precipitation step were required for analysis. All precipitates were redissolved in small amounts of 6 M HCl. Given that nearly 100% of the dissolved Si(OH) 4 was removed from the seawater samples by this coprecipitation method, it can be assumed that no significant fractionation affecting the final d
30
Si Si(OH)4 results occurred (Cardinal et al. 2005; Reynolds et al. 2006) .
The Si in the resulting solutions was further purified using a cation-exchange chromatography procedure adapted from Georg et al. (2006) . Si isotopic compositions were determined on a Nu Plasma HR MC-ICPMS at GEOMAR, Kiel, equipped with an adjustable source-defining slit set at pseudo high-resolution mode for separation of the 30 (Reynolds et al. 2007 ). The long-term external reproducibility for the replicate measurements of an in-house seawater matrix standard was 60.25& (2SD, n 5 18). Vertical profiles of temperature and salinity were determined shipboard with a calibrated SBE-19-plus ConductivityTemperature-Depth recorder (Sea-Bird Co.) attached to the Rosette sampler. Si(OH) 4 concentration data were obtained onboard using a Technicon AA3 Auto-Analyzer (BranLuebbe, GmbH Co.) following classical colorimetric methods, which had a precision of 63% (1SD; Du et al. 2013) . BSi concentrations were also measured on the Technicon AA3 Auto-Analyzer after a two-step wet-alkaline digestion following Ragueneau et al. (2005) . Repeated measurements gave an uncertainty of the entire procedure of <610% (1SD; Liu et al. 2011 ).
Modeling Si isotope fractionation during Si(OH) 4 utilization
Si isotope fractionation during Si(OH) 4 utilization by diatoms can be described using either a Rayleigh or a steady state model (Cao et al. 2012 , and references therein). The 
Results
Hydrography
As demonstrated by the temperature-salinity (T-S) diagrams, stations PN10, PN08, PN06, and PN04 on the East China Sea shelf were strongly stratified in summer, displaying increasing salinity and decreasing potential temperature (PT) with increasing density (r 0 ) levels (Fig. 2a) . In winter, however, the entire water column at these stations was thoroughly mixed as demonstrated by uniform PT and salinity values (Fig. 2b) .
On the inner shelf, the summer surface waters (top 7 m, r 0 < 19.0) at the innermost station PN10 featured Changjiang Diluted Water with PT > 24.08C and salinity <29.0 (Fig. 2a) . The salinity of the surface waters (r 0 19.5) at the following station PN08 remained low at <32.0 while PT was >29.08C reflecting weakened influence of the Changjiang Diluted Water. T-S distribution patterns at stations PN06 and PN04 on the mid-shelf in summer were comparable to those of the upper 100 m of the water column (r 0 <23.5) at station DH13 beyond the shelf edge (Fig. 2a) . Its surface water salinity was higher than on the inner shelf, but still lower than 34.0 reflecting typical shelf water without significant intrusion of more saline Kuroshio Branch Current waters (Chern et al. 1990; Chen et al. 1995) . A salinity maximum of >34.6 was observed in the subsurface waters around 120-160 m (r 0 23.5-25.3) at station DH13 (Fig. 2a) , which marks admixture of the Kuroshio Tropical Water sourced in the subtropical North Pacific (Chen et al. 1995; Suga et al. 2000) . In winter, surface PTs of 15.5-23.08C were significantly lower than in summer, while salinity varied within a much smaller range of 33.7 to 34.6 (Fig. 2b) . The overall higher salinity indicates that waters in the sampling area were dominated by the Kuroshio Branch Current extending towards the shelf, with even negligible dilution of the surface waters at the innermost station PN10 by the fresh China Coastal Current. At station PN03b near the shelf break, the subsurface salinity maximum around 150 m (r 0 25.0) was not clearly distinguishable owing to the comparable surface salinities above 34.6 (Fig. 2b) .
Spatial and seasonal distributions of Si(OH) 4 Fig. 3k ; Table 1 ). However, the summer surface Si(OH) 4 at the other four stations was highly depleted (Fig. 3g-j values around 12.0& in the near-bottom waters were 1.0& lower than the surface waters ( Fig. 3l-n ; Table 1 ). At station DH13, located in the slope area, extremely low Si(OH) 4 concentrations of 1.0 mmol L 21 were observed above 75 m in summer, which below increased markedly from the 75 m depth to the bottom (Fig. 3j) . The d 30 Si Si(OH)4 signatures display an overall inverse trend decreasing rapidly from the surface to 125 m depth and remaining essentially stable at 11.6& below ( Fig. 3o ; Table 1 ). In winter, salinity ( Fig. 3a-d) , Si(OH) 4 (Fig. 3f-i ) and d
30
Si Si(OH)4 signatures ( Fig. 3k-n) were nearly constant throughout the water column at stations PN10, PN08, PN06, and PN04 on the East China Sea shelf but the d
Si Si(OH)4 signatures at station PN10 were slightly heavier than those of the other three stations (12.5 vs. 11.9&; Table 1 ). At station PN03b located beyond the East China Sea shelf edge, Si(OH) 4 was depleted above 100 m water depth and then increased rapidly below (Fig. 3j) . Correspondingly, d
Si Si(OH)4 decreased slightly from the surface (12.8&) to 100 m depth (12.3&) followed by a sharp decrease to the bottom (11.4&; Fig. 3o ; Table 1 ). Si(OH) 4 concentrations at station PN10 were overall three times higher in summer than in winter and coincided with lighter summer d
Si Si(OH)4 signatures throughout the water column, in particular in the near-bottom waters where the summer value of 11.6& was significantly lower than 12.5& in winter ( Fig. 3k; Table 1 ). In contrast, distinct d
Si Si(OH)4 differences between summer and winter were only detected in the surface waters at stations PN08, PN06, and PN04, in that the winter values of 12.0& accompanied by higher winter Si(OH) 4 concentrations ( Fig. 3g-i) were lower than those near 13.0& in summer ( Fig. 3l-n Si Si(OH)4 differences outside analytical error were observed between stations DH13 and PN03b (Fig. 3o) despite the fact that the subsurface Si(OH) 4 concentrations around 100-200 m were overall lower in winter than in summer (e.g., 7.3 vs. 13.2 mmol L 21 at 150 m depth; Fig. 3j ; Table 1 ). At the subsurface salinity maximum a d 30 Si Si(OH)4 value of 11.5 6 0.2& near the 150 m depth at station PN03b in winter was slightly lower but analytically indistinguishable from that of 11.9 6 0.3& at 125 m depth at station DH13 in summer ( Fig. 3o ; Table 1 ).
Discussion
Dynamics of dissolved Si isotopes in the East China Sea in summer Biological fractionation during horizontal admixture of the Changjiang Diluted Water
The T-S data show that in summer the Changjiang Diluted Water dominated the surface layer of the innermost station PN10 at a salinity of 26.0 while its influence was already strongly reduced at station PN08 on the East China Sea inner shelf as suggested by a salinity of 32.0 (Fig. 2a) . The outermost station DH13 was characterized by a surface salinity close to 34.0 (Fig. 2a) reflecting the East China Sea surface water end-member of the cross shelf mixing with the Changjiang Diluted Water, which is in agreement with previous hydrographic studies on the eastward extension of Changjiang Diluted Water (e.g., Lie et al. 2003; ). Moreover, a highly significant linear relationship between total alkalinity (considered as a (quasi)conservative chemical tracer) and salinity was observed in the surface waters along our section from the nearshore to the slope jiang Diluted Water at station PN10 and was already significantly depleted at the surface of station PN08 ( Fig. 3f,g ; Table 1 ). This marked decrease thus largely resulted from mixing with and dilution of surrounding Si(OH) 4 -poor waters combined with the potentially enhanced utilization by diatoms during advection of the Changjiang Diluted Water, given that the high nutrient discharge within the river plume and the low turbidity of its lower reach are favorable for phytoplankton growth (Gaston et al. 2006 and 12.9 6 0.2& (1SD, n 5 3), respectively, which are the averages of values collected from 2 m depth at stations PN06, PN04, and DH13 in summer (Fig. 4) . Simple mixing between the two end-members leading to an average salinity of 31.86 for the summer surface waters at station PN08 predicts a Si(OH) 4 concentration of 8.5 mmol L 21 (Fig. 4a ) and a d 30 Si Si(OH)4 of 12.2 6 0.2& (Fig. 4b) , which served as the initial condition for diatom growth in these waters ( e upt was estimated to be 20.5 6 0.1& following the Rayleigh model (Eq. 3) and 21.1 6 0.3& following the steady state model (Eq. 5) with an average f value of 0.13 (Eq. 2; Table 2 ). While both values are within the range obtained by Sutton et al. (2013) , the latter is indistinguishable from the value of 21.1& obtained during the early culture experiments (De La Rocha et al. 1997 ). This consistence clearly suggests that our estimation of the initial condition based on cross shelf mixing was realistic. (Fig. 3m-o Fig. 3c-e) ruling out nutrient inputs via horizontal mixing of either the Changjiang Diluted Water or the Kuroshio Branch Current. The primary Si(OH) 4 source was thus vertical mixing from underlying waters. The T-S distribution patterns displayed a similar linear relationship for the entire water column at stations PN06 and PN04 and for waters above the subsurface salinity maximum layer at station DH13 (Fig. 2a) . Consequently, the initial condition for diatom growth in the surface waters at the three stations is the d 30 Si Si(OH)4 and Si(OH) 4 concentrations observed near the subsurface salinity maximum layer (i.e., 11.9& and 6.6 mmol L 21 of the sample from 125 m depth at station DH13; Tables 1 and 2) , which show only minor seasonality and represent the nutrient inputs from the Kuroshio subsurface water into the East China Sea. Note that the depth of this source water is not spatially homogenous. Previous studies showed that the depth of the Kuroshio subsurface water upwelled onto the East China Sea shelf can vary between 100 and 300 m (Yang et al. 2011 (Yang et al. , 2012 , which may further experience physical (e.g., mixing with other water masses) or biological (e.g., dissolution of sinking diatom frustules) alterations in the East China Sea. However, d 30 Si Si(OH)4 signatures were within the analytical error constant between 100 and 600 m at station DH13 ( Fig. 3o ; Table 1 ), as well as in the subsurface waters from comparable depths in the South China Sea (Cao et al. 2012) and from the subtropical gyre in the western North Pacific . In addition, isotopic effects of BSi dissolution would not be measurable in waters below 100 m in that the amount of regenerated Si would be too small to influence the isotopic composition of the large dissolved Si(OH) 4 reservoir. e upt values following the steady state model are indistinguishable from the average of 21.260.3& estimated from field investigations in both the Southern Ocean (Fripiat et al. 2011 , and references therein) and the Pacific Ocean (e.g., Reynolds et al. 2006; Beucher et al. 2008) . The narrow range of estimations for in situ 30 e upt indicates that mixed diatom assemblages in a natural system may have reduced the speciesdependent variability (Fripiat et al. 2014) , which was also observed for N isotope fractionation during NO 3 utilization (Sigman et al. 2009 ).
Dynamics of dissolved Si isotopes in the East China Sea in winter
Vertical mixing control of d 30 Si Si(OH)4 on the shelf
The China Coastal Current sourced from the west coast of the Korean Peninsula and driven by the northeast monsoon is a major water mass broadly following the Chinese coast in winter (Lee and Chao 2003) . It generally has a salinity of below 33.0 and high Si(OH) 4 concentrations above 35.0 mmol L 21 at the mouth of the Changjiang estuary (Han et al. 2013 ). However, the winter surface salinity at the innermost station PN10 was >33.7 (Fig. 3a) and Si(OH) 4 concentrations were <10.0 mmol L 21 (Fig. 3f) indicating no obvious influence of the China Coastal Current during the sampling period. On the other hand, the surface salinity was below 34.0, suggesting minor contributions from the Kuroshio Branch Current to the nearshore East China Sea. In this context, the homogeneous property distributions at station PN10 in winter were most likely induced by the thorough mixing between preformed fractionated surface waters and deep waters with low d 30 Si Si(OH)4 .
Both PT and salinity values increased gradually from station PN10 to station PN03b (Fig. 2b) , indicating horizontal admixture of warm and saline waters onshore. However, the winter surface d 30 Si Si(OH)4 at the two endpoint stations of the transect were higher than those of the stations in between ( Fig. 3k-o any fractionation occurring during this process can currently not be quantified (Demarest et al. 2009; Sun et al. 2014; Wetzel et al. 2014 ) and remains to be validated in natural systems. As a consequence, vertical mixing primarily homogenized the property distributions on the East China Sea shelf, in particular in winter when the strong northeast monsoon and surface cooling substantially increases the vertical mixing with the deep waters (Chao 1991; Chen et al. 1994) . The vertical profiles of d 30 Si Si(OH)4 displayed no spatial variations among stations PN08, PN06, and PN04 ( Fig. 3l-n Horizontal admixture of the Kuroshio surface water near the shelf break
The surface salinity of >34.6 was higher than in subsurface waters at station PN03b in winter (Fig. 3e) , suggesting that the extremely saline waters originated from intrusions at the surface rather than from the deeper layer of the Kuroshio Branch Current. Moreover, these surface waters were highly depleted in Si(OH) 4 (1.0 mmol L
21
; Fig. 3j (Fig. 5) , the data points are separated into two distinct clusters for the entire water column at stations PN08, PN06, and PN04 and in the surface waters at station PN03b in winter. Although they were all affected by the enhanced intrusion of the Kuroshio Branch Current, the Kuroshio surface water dominated the surface layer of the outermost station PN03b while other water bodies were largely influenced by the Kuroshio subsurface water. Moreover, the data show that no interactions occurred between the two major water masses since no data points were located on the mixing curve defined by the two end-members (Fig. 5) .
Seasonal variability of dissolved Si isotopes on the East China Sea shelf
Minor seasonal differences in d 30 Si Si(OH)4 were observed in the surface waters at the innermost station PN10, where the summer bottom value was significantly lower than in winter (Fig. 3k) PN08, PN06, and PN04 on the East China Sea shelf were significantly higher in summer than in winter, whereas essentially uniform values were observed between seasons in the near-bottom waters (Fig. 3l-n) . Given that Si(OH) 4 in these surface waters was primarily sourced from the Kuroshio subsurface water (excluding station PN08 influenced by the Changjiang Diluted Water in summer), this pattern most likely originated from the higher Si(OH) 4 consumption in the surface waters during summer than during winter as reflected by the contrasting f values (0.2-0.3 vs. 0.8-1.0; Table  2 ). This finding is consistent with the generally higher PP on the East China Sea shelf in summer than in winter (Gong et al. 2003; Liu et al. 2010 ) and diatoms dominating the phytoplankton community throughout the year (Guo et al. 2014) . Note that BSi in suspended particles collected at stations PN08 and PN04 displayed an apparently unexpected distribution with significantly lower concentrations in summer than in winter except in the near-bottom waters (Fig. 6 ). This pattern, in accordance with the distributions of fucoxanthin (a typical diatom pigment; data not shown), indicates higher standing stock of diatoms in the winter water column with, however, lower biological consumption. The apparent discrepancy between a near complete depletion of Si(OH) 4 not matched by an equivalent increase in BSi observed in this study, as well as in previous ones (e.g., Brzezinski et al. 2003; Leblanc et al. 2003; Cao et al. 2012) demonstrates that considerable BSi production had occurred but the majority of it had already been removed from the water column by additional processes such as particle settling and grazing, which lowered the BSi concentrations on the East China Sea shelf in summer (overall <0.1 mmol L 21 except in the nearbottom waters at station PN08; Table 3 ). In support of this, Chen et al. (2012) estimated that increasing temperature largely enhances phytoplankton losses to microzooplankton herbivory in eutrophic waters. On the other hand, the Si(OH) 4 decrease indicates net BSi production (i.e., gross production subtracted by dissolution) over a relatively long period of time, which will be integrated in the d 30 Si Si(OH)4 signatures reflecting biological alteration on timescales comparable to physical mixing. Information on suspended particles obtained from shipboard bottle BSi data can, however, only reflect a "snapshot" view and is frequently decoupled from the corresponding dissolved signatures (van Beek et al. 2007 ). The East China Sea and the South China Sea are two major marginal sea systems of the western North Pacific, which are connected by water mass exchange through the Taiwan Strait (Han et al. 2013 ) and offshore through the Kuroshio Current . While the South China Sea is characterized by an oligotrophic and permanently stratified deep basin, the East China Sea is dominated by a broad and relatively eutrophic shelf. Noteworthy is the lack of d 30 Si Si(OH)4 seasonality in the surface waters of the South China Sea (Cao et al. 2012) , which is distinct on the East China Sea shelf. This is consistent with the seasonal pattern of PP, which displays no significant differences between summer and winter in both shelf and basin areas of the South China Sea (Ning et al. 2004; Chen and Chen 2006) while summer PP is generally higher than in winter on the East China Sea shelf (Gong et al. 2003; Liu et al. 2010) . As determined by different trophic levels, diatoms play a more important role in the phytoplankton community on the East China Sea shelf (Guo et al. 2014 ) than in the South China Sea, where the picophytoplankton is overall more abundant (Ning et al. 2004) . Consequently, diatoms in the East China Sea are sensitive to the significantly changing physical and/ or chemical conditions resulting in the strong seasonality of dissolved Si isotopes (Fig. 3l-n) .
On the other hand, d
30
Si Si(OH)4 signatures in the South China Sea show a larger range of variations (11.0 to 13.0&; Cao et al. 2012 ) than in the East China Sea (11.5 to 13.0&; Fig. 3k-o; Table 1 ), owing to the light isotopic composition of seawater below 1000 m in the South China Sea basin originating from the deep Pacific Ocean (Grasse et al. 2013) . The highest surface d
Si Si(OH)4 is, however, identical between the two seas since both systems are influenced overall by the Kuroshio Current and the degree of Si isotope fractionation is largely constrained by almost the same initial conditions.
Implications
In summary, the seawater d 30 Si Si(OH)4 distribution in the East China Sea displayed distinct spatial and seasonal variations in summer 2009 and the subsequent winter, which were overall controlled by variable interaction between changes in water mass mixing and in biological utilization. As a result of the seasonally changing processes controlling d 30 Si Si(OH)4 dynamics, the majority of summer surface values obtained on the East China Sea shelf were higher than those in winter, suggesting an overall higher Si utilization resulting from enhanced diatom productivity in summer compared with winter. Significant nutrient inputs from Changjiang were only detected on the inner shelf in summer, whereas the primary Si(OH) 4 source of the surface waters of the East China Sea was advective supply by the Kuroshio subsurface water. Thus, despite the size of the Changjiang, nutrient supply from the open ocean was more important than riverine nutrient inputs in the East China Sea during the sampling period, which may have implications for other marginal seas. Note that construction of dams increases on a global scale and river damming can decrease Si(OH) 4 concentrations and increase d 30 Si Si(OH)4 signatures downstream (Hughes et al. 2012 ). However, this may have only been relevant near the river mouth where the isotopic composition of continental Si supply to the ocean and the estuarine phytoplankton community and ecosystem are impacted. Further work is required to better understand the anthropogenic effects on Si biogeochemical cycling in marginal seas, in particular in river-coast ecosystems. While minor biological consumption in winter prevents a reliable evaluation of the Si isotope fractionation during diatom growth in the East China Sea, the estimated 30 e upt values based on the summer data set are generally comparable to those obtained from culture experiments (De La Rocha et al. 1997; Sutton et al. 2013 ). However, the apparent 30 e upt obtained in this study represents a fractionation factor of naturally mixed diatom assemblages, which integrated the effect of both BSi production and dissolution, and even the mixing between Si pools differently fractionated by different species. Nevertheless, our 30 e upt values following the steady state model agree well with the average of 21.2 6 0.3& estimated from field investigations in the open ocean (Fripiat et al. 2014) . Given the contrasting physicobiogeochemical conditions between the East China Sea and for instance the Southern Ocean, this consistence points to a constant in situ 30 e upt in the world's oceans. 
